Amec in July 2014 conducted a field test of anaerobic biodegradation to support the anaerobic
EBR modeling that was performed as part of the ST012 RD/RAWP due to the fact that
significant assumptions were made in the ‘analysis (Addendum #2, Appendix C, page
1-1, This field test was comprised of two push-pull tests performed at existing

4 Commented [WU1L “Modeling results for bath processes

indicated that the remediation goals could be met; however;
there were: significant ‘assumptions made: for the anaerobic

wells W-11 and W-30, both of which are completed in the lower saturated zone, and both of
which were known to be impacted by LNAPL. The purpose of the field test was to determine
sulfate utilization rates. Pumping rates during the extraction phase from W-30 could not be
sustained due to well fouling, and the limited amount of groundwater extracted from W-30 *did

not provide a sufficient data set to estimate sulfate utilization” (lines 475-476). At W-11, sulfate
concentrations increased during the pull portion of the test, which ‘indicate that background
groundwater sulfate concentrations were being pulled into the well and prevent the accurate
estimation of sulfate utilization’ (lines 477-478).

Instead, sulfate utilization was estimated from the shut-in portion of the test. Data presented
from W-11 show that the TPH and benzene concentrations remained essentially constant during
the shut in period (Table 2-1), while normalized sulfate concentrations were greater than the
normalized tracer concentrations during most of the shut in phase of the test (Graph 3-4). Thus,
very little sulfate utilization was demonstrated from the results at this well.

Data from W-30 show that the DRO and TPH concentrations increased substantially during the
shut-in period of the test and benzene concentrations approximately doubled (Table 2-2), while
the sulfate concentration decreased exponentially with time (Table 2-6). While the results at this
well showed sulfate utilization during the shut in period (Graph 3-5), the results did not
demonstrate that TPH or benzene were consumed by the sulfate that was utilized. In addition
the site has experienced a tremendous amount of potential change since this testing . due fo the
SEE svatem. As such, 1t's not clear that the 2014 test results remain valid,

Based on the contlicting data obtained during the lield test. it is recommended that further ficld
and/or laboratory testing be completed. | In light of the inconclusive results on benzene

degradation accompanying sulfate utilization, the tirst objective of the additional site specific
testing should be demonstrating that the sulfate-reducing microbial consortia at this site
capable of degrading benzene, and if so, what conditions are necessary to maximize the
degradation rate. The extremely high sulfate injection rate proposed in Addendum #2 should be
investigated in the laboratory to determine what the ‘shock loading’ of sulfate will do to the

microbial populations, and the geochemical changes this sulfate addition will cause. Laberatqry

laboratory experiments, a field test can be designed that will allow estimation of field
depradalion rales of benzene (il benzene is found lo degrade), using a flow-through ficld setup
rather than a push-pull test. Hstimates of benzene degradation derived from the field test can be |

used in the model to estimate treatment times, although it must be kept in mind that, “Anaerobic

biovemediation is still not thovoughly understood, especially under field conditions, making
clean-up times difficuit to predict” {ESTCP, 1999). The presence of significant LNAPL at this

site and low permeability zones that are known to contain LNAPL will limit the biodegradation
rate (ESTCP, 1999, page 6} |

PP

£ Commented [WU2]; Likely due to

activity
inresponse tainjectate; and indicative of likely problems with well
fouling inthe full-scale effort.

irdegr
““ isotope studies. But'the push-pull pilotstudy reafly didn't show
/ : anything useful= o i

Commented [WU4: Granted: it can be difficult to demonstrate
of d patti b and:calculate rates; without

gisap

' Commented PWUST: Generally, as we told AF almost a year

agar “The restlts of the EBR Pilot Test are equivocal; difficultto
nterpret for practicaluse; and result in‘high uncertainty when used
to modeland plan fullscale EBR; and: MINAL[CSS: Review of
Documents for Dperable:Unit 2, Site STOL2; at the Former:Williams

Air Farce Base; Mesa; AZ May 17,2016}

 Commented PWUBT: if silfate is depleted {and itis, where
i COCsexist); then sulfate is limiting in some way. tis entirely

reasonable to that wouldbe
useful, since thereis g huge massof electrondonor (iie: the
petroleum LNAPLY Fcan't argue withi AR choosing sulfate over:

whereas adding sulfate istelatively easy; But alab study, using
subsur plesfram:sulfate zones with LNAPL
present, could give anidea of the response of the system to added
suifate:

tdotend tolean toward field studies rather than lab studies;
though. And rates determined inlab studiesoften dont translate
well to the field reality; But a lab study showing that sulfate
reducers ded gly:to sulfate addition ‘and BTEX
disappeared; would be encouraging:

Commented [WUZ1: Wsstillgoing to betricky todetermine the

i amolnt needad ta maximize degradation rates: Lwould rather

emphasize the more uniform distribution of a maderate range of
sulfate s thatis, mareing paints; lower
injectate concentrations:

Commented [EI8]: Stable isotope probe analyses; if used inthe
cooler regions of the site,is an in situtesting method to directly
monitorif site microbes are degrading benzene . Thistoolcan also
determine a sitesspecific, in situ degradation rate; and can discernif
the degrading population is hiealthy. ‘From start to finish, it.only
takes a few months; and does not hinder site work. - Coupled with
something like 3 gPCR mulecular anlysis; or a quant-array molecular
analysis; & HUGE amount of information about benzene o

+ Commented [WU9: Estimates of benzene degradation derived
Fromthe field test.canbe used as'long a5 the complexity of

LNAPL/GW (e LNAPLas & cantinuing saurce to be depleted)is
taken inta account: That is; the model should not assumethat
COCs argimr

;-and always availatile in the ™

¥, Consi:

Commented [E310]: We know alot mare than we did in 1999;
Specifically, we have molecular and isotopic laboratory tools that
can give site specific information that is quantifiable and
defendable.” EPA has written documents about the use of these
tools; butthe tools themselves are stronger than even when the
EPA guidances were written:

h

Commented [EJ111: Agreed: LNAPL isbiodegradable butthe
dissolved materiab will be metabolized first by microbes;
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Table 2-8 Concentrations of Solution Used for Injsction
Bromide Concentration {mgll} = Sulfate Concentration imo/l]

L‘m:m;ixm Calculated | LabResult | Calculated | Lab Result
STHIZ2W 150 1543 $,300 2,300
STOI2-W3D 180 220 4 300 3.800

Some basic, prelivunary analvees would confirm that an indigenous benzene~degrading

popnlation exists at this location. These analvaes wounld alse help detenmne if sulfate vould
stimutlate their activity, or i another notrend for elechon acoenion 18 now more anproptiate. The

laboratory and field tests would also be used to determine the sulfate dosing required to degrade
benzene. According to the referenced ESTCP document, “Ground water contaminated from
gasoline contains not only BTEX compounds, but many other gasoline components as well. At
the Seal Beach site, much of the injected nitrate and sulfate was utilized by bacteria to degrade
non-BTEX hydrocarbons. This makes it difficult to predict the amount of electron acceptor(s)
that will be needed for complete BTEX removal.” In field experiments at a gasoline spill site,
Reinhard et al. (ES&T, 31(1):28-36, 1997) found that only 13 to 40% of the sulfate consumed
was used to degrade BTEX. However, review of Addendum #2 shows that the current
implementation plan for EBR at STO12 estimates the sulfate dosage required by assuming that
only enough sulfate is needed to degrade BTEX, disregarding the other components of the jet

fuel, and does not include BTEX in the LPZ. Thus, the planned injection of 870 tons of sulfate —
as large as this amount is — i3 still extremely short of what would be required to degrade the
BTEX at ST0O12.

4 Commented [WU3: AsEvanoted, Afneeds toshow how the

highiinjection will-affect activity =
further testing could provide this info: They plan for sulfate ta
eventually be distributed throughaut muchi of the site at fairly

levels tiow ppm bt still portions
of the site around the injection areas will have very high GW.
concentrationsiof sulfate farquite @ while:
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- Commented [EJE2]: V'm worried that wé're about'to jump

down the Sulfate Rabbit Hole 'before we even know forsure that
sulfate is actually needed: | really think some basic biogeochemical
tests canhielp answer this; before we coir hardto anything:
Thekey is ta base any future work on' CURRENT site canditions:
Given that past studies were incomplete at best, and site conditions
have been radically altered since SEE was initiated; I suggest we
almost start fronm scratch and get good baseline data — microbial;
geochemical, etc: THEN, we start deciding what needs to be done.

-+ Commented [WU131: Addendum#2; Lines 822-827; “Initial

target TEA dosage is based on treating approximately 30% of the
LNAPL mass in the C7; UWBZ; and LSZ, on freating approximately.
30% of the LNAPL mass inithe €Z; UWBZ; and £5Z; accounting for
the Hikelihood that BTEX+N will be preferentially consumed during
bioremediation over longer chain hydrocarbons: ARRSUSE BTESEN

heprirary COCs ather compounds will gegrade and consums
sulfate fnthe procese”
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- Commented [Wi14]:

2016-10-25 % wafb ADEQ evals - usaf RTCS dated 8-22:2016 for.
57012 Draft Final AddZ- EBR RDRA WP-OU 2= see afsa FPU16-230 ==
FRUI7:089. pdf had some useful comments about the microbiofogy.

{ Commented [E3151: 1 strongly suggest some preliminary,

pprop ari pictests =withinafew ;- data

waould be obtained would help discern how to best set upa pilot
study (which; if done without any priorinformation; could end up
being alot of time and resources wasted) and will provide muchiof
the information needed for any full:scal icati
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+Commented [WU16]: Note that AT intendsto get the COCs
down to 500-600 ug/l so that MNA can jei ther iation
o MCLsiinthe reguired timeframe:

Of course that means that the MINA part is also significantly

uncertain {iie; a wholedifferent bag of uncertainty), even if EBR
performsjust like AF modelsit:

i Commented [WU17]: AF has consistently denied EBR is
planned for LNAPL source remediation; and consistently affirmed
that indeed EBR will remediate ENAPL source materials: But f AR s
not going back to SEE {or ather actual source remediation
technology = “actual” meaning ina few years; not some indefinite
long-term “eventually”); then EBR has to ramediate the LNAPL; and
do itright away with mininium hiccups: So'the field study shiould
explicitly confirm that a significant mass of LNAPE has indeed been
remediated {or noti:
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